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Abstract: 

Based on recent reports that the supplements CBD, Curcumin, Vitamin D, and GABA could 
be potential treatments for COVID-19, and reports of high glucose, and obesity being a major 
factor in fatalities, a data base search of over 600 genes, enzymes, proteins, and other 
substances affected by COVID-19 was begun, first on those that are major triggers of SARS- 
COV-2, or implicated in “long” or “severe” COVID. Search terms, including but not limited to: 
“CBD” “THC” “cannabis” “curcumin,” “vitamin-d” “GABA (y-Aminobutyric Acid)” and “glucose,” 
are currently being conducted in the PUBMED database. This document presents the initial 
results. 


Results: 
So far, almost universally, over 50 biomarkers aggregated by COVID-19 are also made worse 
by high glucose, and potentially improved by all four of these supplements, according to, but 
not limited to, in vivo, and in Vitro studies. Considering clinical trials have been conduced on 
some drugs that have had some positive outcomes on only a less than a dozen of these 
biomarkers, the 54 presented in this document should be more than enough evidence to 
warrant Clinical trials on a combined treatment strategy using these supplements. This 
evidence is not limited to lab tests, but also clinical trials unrelated to COVID-19 ["] [*] [°]. 
These supplements either independently, or together, should perform all of the things 
necessary in the treatment of COVID-19 [*]: limiting viral entry; reducing the cytokine storm; 
reducing blood coagulation and vascular damage; and preventing lung injury. And since the 
coronavirus uses sugar to replicate [°], which raises cytokine levels [°], and the COVID-19 
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virus itself elevates blood sugar, even in those who do not have diabetes ["], a diet low in 
sugars and reduced carbs should also be simultaneously implemented. 


Completion: This database search is ongoing, until all of these substances can be cross- 
referenced and evaluated in the database of the National Library of Medicine, and other 
medical journals, using this search criteria. 


Introduction 


COVID-19 affects more than 600 genes, releasing cytokines, enzymes, proteins, and other 
substances that can be harmful in excess, or cause problems if lowered in production. 
According the data in this document, over 50 of these biomarkers could be improved (reduced 
or enhanced) by four inexpensive, easily obtainable supplements. Conversely, glucose, sugar 
intake, and obesity almost universally makes these biomarkers worse. The endocrine society 
has recommended to limit sugar intake during COVID-19 infection [*] This is because high 
glucose is related to the severity of COVID-19, proven by numerous studies cited in this 
document. Despite this fact, this important diet recommendation is missing from COVID-19 
hospital protocols [°] written by the National Institutes of Health (NIH,) and dispensed through 
the Food and Drug Administration (FDA,) and the Center for Disease Control (CDC.) In the 
search for “COVID-19 guidance,” the term “sugar” brought up no results as of 07/29/22. The 
CDC has warned in statements that diabetes and obesity are risk factors, but if hospital 
protocols do not limit sugar intake, or if people suffering from COVID-19 at home do not know 
this important fact, failure to include this information might have contributed to COVID-19 
fatalities. 

Due to the fact glucose almost universally makes these biomarkers worse, failure to limit 
sugar intake in clinical trials could potentially skew results of any studies conducted either 
individually, or collectively, on these supplements. For this reason, clinical trials should 
combine our present knowledge about glucose when testing the effects of either supplements 
or medications in clinical trials. 


The analysis so far 
Viral entry and propagation 


1. ACE2 (angiotensin-converting enzyme 2) 

“The angiotensin converting enzyme-2 (ACE-2) has been identified as the receptor for the 
SARS-CoV-2 viral entry. As such, it is now receiving renewed attention as a potential target 
for anti-viral therapeutics. We review the physiological functions of ACE2 in the cardiovascular 
system and the lungs, and how the activation of ACE2/MAS/G protein coupled receptor 


7 Carrasco-Sanchez FJ, L6pez-Carmona MD, Martinez-Marcos FJ, Pérez-Belmonte LM, Hidalgo-Jiménez A, Buonaiuto V, 
Suarez Fernandez C, Freire Castro SJ, Luordo D, Pesqueira Fontan PM, Blazquez Encinar JC, Magallanes Gamboa JO, de 
la Pefia Fernandez A, Torres Pefia JD, Fernandez Sola J, Napal Lecumberri JJ, Amordés Martinez F, Guisado Espartero ME, 
Jorge Ripper C, Gomez Méndez R, Vicente L6pez N, Roman Bernal B, Rojano Rivero MG, Ramos Rincén JM, Gomez 
Huelgas R; SEMI-COVID-19 Network. Admission hyperglycaemia as a predictor of mortality in patients hospitalized with 
COVID-19 regardless of diabetes status: data from the Spanish SEMI-COVID-19 Registry. Ann Med. 2021 Dec;53(1):103- 
116. doi: 10.1080/07853890.2020.1836566. PMID: 33063540; PMCID: PMC7651248. 

8 Anuraag A Vazirani, COVID-19, an Incentive to Tackle Sugar in Hospitals and at Home, Journal of the Endocrine Society, 
Volume 5, Issue 6, June 2021, bvab037, https://doi.org/10.1210/jendso/bvab037 

9 https://files.covid1 9treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf 


contributes in reducing acute injury and inhibiting fibrogenesis of the lungs and protecting the 
cardiovascular system..” (ACE2, Much More Than Just a Receptor for SARS-COV-2)"° .” 
Covid-19 Binds to the ACE2 Receptor 

Role of angiotensin-converting enzyme 2 (ACE2) in COVID-19 " 

Sugar Helps the Coronavirus Bind to the Ace2 Receptor 

Characterization of ACE and ACE2 Expression within Different Organs of the NOD Mouse ” 
Cannabinoid Likely Suppress ACE2 Replication in the Lungs .(Preprint) 

Cannabidiol Inhibits SARS-CoV-2 Replication and Promotes the Host Innate Immune Response 
Curcumin Likely Suppresses Replication in ACE2 Receptors 

Catechin and curcumin interact with S protein of SARS-CoV2 and ACE2 of human cell 
membrane: insights from computational studies (“| 

Vitamin D Likely Suppresses Replication in ACE2 Receptors 


A brief review of interplay between vitamin D and angiotensin-converting enzyme 2: 
Implications for a potential treatment for COVID-19” 


Gaba Decreases ACE2 Expression 
ACE2 modulates glucose homeostasis through GABA signaling during metabolic stress 


2. CD47 

“CD47 (also known as the integrin-associated signal transducer) is a cell surface molecule in 
the immunoglobulin superfamily that has been reported to bind to several different proteins, 
including integrins (Brown & Frazier, 2001), thrombospondin-1 (Gao et al., 1996), and most 
importantly, signal regulatory protein a (SIRPa) (Tsai & Discher, 2008), which is a heavily 
glycosylated transmembrane protein with an immunoreceptor tyrosine-based inhibition motif 
(ITIM).”"7.” 

Covid-19 infects via CD47 

Targeting innate immunity by blocking CD14: Novel approach to control inflammation and 
organ dysfunction in COVID-19 illness ® 
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CD47 causes insulin resistance 

Soluble CD14 and CD14 Variants, Other Inflammatory Markers, and Glucose Dysregulation in 
Older Adults: The Cardiovascular Health Study” 

Cannabinoids reduce CD47 

A9-tetrahydrocannabinol treatment during human monocyte differentiation reduces 
macrophage susceptibility to HIV-1 infection” 

Curcumin reduces CD47 

The Role Of Curcumn In Human Dendritic Cell Maturation And Function‘ 

Vitamin D reduces CD47 

Vitamin D; derivatives increase soluble CD14 release through ERK1/2 activation and decrease 
IL-8 production in intestinal epithelial cells” 

Gaba: no data found 


3. GABA (Gamma-aminobutyric acid). “Gaba is well known as a main inhibitory 
neurotransmitter in the central nervous system. Its physiological roles are related to the 
modulation of synaptic transmission, the promotion of neuronal development and relaxation, 
and the prevention of sleeplessness and depression. Besides, various pharmaceutical 
properties of Gaba on non-neuronal peripheral tissues and organs were also reported due to 
anti-hypertension, anti-diabetes, anti-cancer, antioxidant, anti-inflammation, anti-microbial, 
anti-allergy, hepato-protection, reno-protection, and intestinal protection. Therefore, Gaba 
may be considered as potential alternative therapeutics for prevention and treatment of 
various diseases. *°.” 

Covid-19 reduces Gaba. This has been proposed as a major route of initial infection. 
Disturbed lipid and amino acid metabolisms in COVID-19 patients” 

High Glucose inhibits Gaba 

Glucose inhibits GABA release by pancreatic beta-cells through an increase in GABA shunt 
activity” 

Prolonged Cannabinoid Exposure increase GABA. 

Prolonged cannabinoid exposure alters GABA(A) receptor mediated synaptic function in 
cultured hippocampal neurons” 
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Curcumin increases GABA. 

Curcumol allosterically modulates GABA(A) receptors in a manner distinct from 
benzodiazepines”’ 

Vitamin D deficiency decreases GABA. 

Vitamin D deficiency induces the excitation/inhibition brain imbalance and the proinflammatory 
shift?® 

Gaba is a possible treatment for COVID-19 (Preprint) 


GABA administration prevents severe illness and death following coronavirus infection in 
. 29 
mice 


4.GPNMB (Glycoprotein) 

“GPNMB encodes the transmembrane glycoprotein NMB, which could play a role in 
neurodegenerative disorders*®.” 

Covid-19 encodes spike glycoproteins 

The SARS-CoV-2 Spike Glycoprotein Biosynthesis, Structure, Function, and Antigenicity: 
Implications for the Design of Spike-Based Vaccine Immunogens*' 

High Glucose raises spike glycoproteins 

Blood glycoprotein levels in diabetes mellitus” 

Cannabinoids reduce glycoproteins 

The effects of cannabinoids on P-glycoprotein transport and expression in multidrug resistant 
cells” 

Curcumin reduces glycoproteins 

Impact of Curcumin-Induced Changes in P-Glycoprotein and CYP3A Expression on the 
Pharmacokinetics of Peroral Celiprolol and Midazolam in Rats™ 

Vitamin D reduces glycoproteins 

AB0415 The Effect of Vitamin D Supplementation on Antiphospholipid Antibodies Level in 
Patients with Antiphospholipid Syndrome*” 
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Gaba inhibits via the glycoprotein 
Physiology, GABA*® 


5. HSP90 AA1 (Heat Shock Protein) 

“A generic term for a family of molecular chaperones which play a key role in protein folding and 
quality control for a range of client proteins. Functional HSP90s operate as dimers, have intrinsic 
ATPase activity, act in concert with other chaperones (e.g., HSP70) and are regulated by co- 
chaperones/accessory proteins (e.g., HOP, CDC37). HSP90s interact with more than 100 proteins, 
including kinases (e.g., Raf-1), nuclear hormone receptors (e.g., oestrogen receptor), transcription 
factors (€.g., P53), GPCRs (e.g., CB2 receptors) and ion channels (e.g. CFTR). In humans, the 
HSP90-beta isoform is constitutively expressed (i.e., at baseline), whereas HSP90-alpha isoforms are 
induced by stress.”°” 

Covid-19 uses heat shock protein to infect 

Human coronavirus dependency on host heat shock protein 90 reveals an antiviral target *° 
Heat-shock protein causes insulin resistance 

Exercise, heat shock proteins and insulin resistance” 

Cannabinoids reduce expression of heat-shock proteins 

Cannabidiol Modulates the Immunophenotype and Inhibits the Activation of the inflammasome 
in Human Gingival Mesenchymal Stem Cells (table 3A)” 

Curcumin: reduces heat-shock protein 

Curcumin derivative C212 inhibits Hsp90 and eliminates both growing and quiescent leukemia 
cells in deep dormancy“ 

Vitamin D: no effect 

Vitamin D supplementation and serum heat shock protein 60 levels in patients with coronary 
heart disease: a randomized clinical trial” 

HSP limits Gaba release 


MaxiK Channel Interactome Reveals its Interaction with GABA Transporter 3 and Heat Shock 
Protein 60 in the Mammalian Brain - PMC (nih.gov) 


6. p38 MAPK (mitogen-activated protein kinase) 

“Mitogen activated protein kinase p38 (p38MAPK) is an important intracellular kinase 
activated by cellular stress that links inflammatory as well as environmental stress to 
transcription factors *°.” 
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Covid-19 signals proinflammatory, pro-vasconstrictive, pro-thrombotic activity via p38 

p38 MAPK inhibition: A promising therapeutic approach for COVID-19“ 

High Glucose activates p38 

Glucose or diabetes activates p38 mitogen-activanhted protein kinase via different pathways“ 
Cannabinoids suppress p38 

Immune Responses Regulated by Cannabidiol” 

Curcumin suppresses p38 

Curcumin suppress inflammatory response in traumatic brain injury via p38/MAPK signaling 
pathway “” 

Vitamin D suppresses p38 

Inhibition of p38 by Vitamin D Reduces Interleukin-6 Production in Normal Prostate Cells via 
Mitogen-Activated Protein Kinase Phosphatase 5: Implications for Prostate Cancer Prevention 


by Vitamin D” 
Inefficient Gaba signaling system increases cytokine signaling system via p38 MARK 
Does gamma-aminobutyric acid (GABA) influence the development of chronic inflammation in 


rheumatoid arthritis?” 


7. TMPRSS2 (transmembrane serine protease 2) 

“TMPRSS2 is an endothelial cell surface protein that is involved in the viral entry and spread 
of coronaviruses including severe acute respiratory syndrome coronavirus 2 (SARS-CoVvV-2) — 
the virus that causes COVID19. Blocking TMPRSS2 could potentially be an effective clinical 
therapy for COVID-19.” (What is TMPRSS2? News Medical Life Sciences) 

A variant in TMPRSS2 is associated with decreased disease severity in COVID-19°° 
Covid-19 infects via TMPRSS2 

Altered TMPRSS2 usage by SARS-CoV-2 Omicron impacts tropism and fusogenicity” 
Diabetes increases TMPRSS2 expression 

Glycated ACE2 receptor in diabetes: open door for SARS-COV-2 entry in cardiomyocyte” 
Some Cannabinoid extracts down-regulate TMPRSS2 

In search of preventive strategies: novel high-CBD Cannabis sativa extracts modulate ACE2 
expression in COVID-19 gateway tissues” 
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Curcumin decreases activity of TMPRSS2 


Phenolic compounds disrupt spike-mediated receptor-binding and entry of SARS-CoV-2 
pseudo-virions™ 
Vitamin D reduces TMPRSS2 


Synergy of melanin and vitamin-D may play a fundamental role in preventing SARS-CoV-2 


infections and halt COVID-19 by inactivating furin protease” 
Gaba: no data found 


8. TLR (Toll-like receptor, TLR2-TLR9) 

“Toll like receptors (TLR) are key molecules expressed by innate immune cells that enable them to 
detect pathogen associated molecular patterns and recognize pathogens to mount immune 
responses.”° 

Covid-19 uses TLR to infect 

Role of Toll-like receptors in the pathogenesis of COVID-19” 

High Glucose induces TLR 

High glucose induces toll-like receptor expression in human monocytes: mechanism of 
activation” 

Cannabinoids use TLR to control inflammation 

Interaction between Cannabinoid System and Toll-Like Receptors Controls Inflammation” 
Curcumin reduces TLR expression 

Impact of curcumin on toll-like receptors” 

Curcumin decreases toll-like receptor-2 gene expression and function in human monocytes 
and neutrophils 

Vitamin D might have immunomodulatory effects via TLR 

Vitamin D and toll like receptors™ 

Vitamin D up-regulates TLR 


Toll-like receptor triggering of a vitamin D-mediated human antimicrobial response™ 
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Gaba reduces inflammation via TLR 
Gama-aminobutyric acid (GABA) alleviates hepatic inflammation via GABA receptors/TLR4/NF- 


kB pathways in growing-finishing pigs generated by super-multiparous sows™ 


CYTOKINES/CHEMOKINES 


Cytokines/chemokines 

“Cytokines and chemokines are redundant secreted proteins with growth, differentiation, and 
activation functions that regulate and determine the nature of immune responses and control 
immune cell trafficking and the cellular arrangement of immune organs. Which cytokines are 
produced in response to an immune insult determines initially whether an immune response 
develops and subsequently whether that response is cytotoxic, humoral, cell-mediated, or 
allergic. A cascade of responses can be seen in response to cytokines, and often several 
cytokines are required to synergize to express optimal function. An additional confounding 
variable in dissecting cytokine function is that each cytokine may have a completely different 
function, depending on the cellular source, target, and, most important, specific phase of the 
immune response during which it is presented. Numerous cytokines have both 
proinflammatory and anti-inflammatory potential; which activity is observed depends on the 
immune cells present and their state of responsiveness to the cytokine.”® 


9. CCL2 (CC chemokine or monocyte chemoattractant protein-1 (MCP-1). “CCL2 is the 
best-known CC chemokine, otherwise called as monocyte chemoattractant protein-1 (MCP- 
1), which attracts monocytes expressing CCR2 receptor in the circulatory system helping 
them to enter the encompassing injured and inflamed tissues where they transform into tissue 
macrophages.” 

Covid-19 increases CCL2. 

Longitudinal profiling of respiratory and systemic immune responses reveals myeloid cell- 
driven lung inflammation in severe COVID-19° 


IP-10 and MCP-1 as biomarkers associated with disease severity of COVID-19% 
High glucose increases CCL2 (MCP-2) 


Monocyte Chemoattractant Protein 1 (MCP-1) in Obesity and Diabetes® 
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Fasting decreases CCL2 (MCP-2) 


Intermittent Fasting Improves Glucose Tolerance and Promotes Adipose Tissue Remodeling in 


Male Mice Fed a High-Fat Diet” 
Cannabinoids decrease CCL2 (MCP-2) 


THC: A9-Tetrahydrocannabinol Suppresses Monocyte-Mediated Astrocyte Production of 
Monocyte Chemoattractant Protein 1 and Interleukin-6 in a Toll-Like Receptor 7—Stimulated 
Human Coculture” 

CBD: Cannabis compounds exhibit anti-inflammatory activity in vitro in COVID-19-related 
inflammation in lung epithelial cells and pro-inflammatory activity in macrophages” 
Curcumin Decreases CCL2 


Curcumin blocks CCL2-induced adhesion, motility and invasion, in part, through down- 
regulation of CCL2 expression and proteolytic activity” 

Curcumin as a natural regulator of monocyte chemoattractant protein- 
Vitamin D Decreases CCL2. 

Vitamin D Limits Chemokine Expression in Adipocytes and Macrophage Migration In Vitro and 


in Male Mice” 

Effect of Vitamin D3 on Monocyte Chemoattractant Protein 1 Production in Monocytes and 
Macrophages” 

Increasing CCL2 (MCP1) decreases GABA 

GABA administration prevents severe illness and death following coronavirus infection in 
mice” 

Anti-inflammatory effects of the GABA(B) receptor agonist baclofen in allergic contact 
dermatitis” 


1% 


10. CCL3/ MIP-a (macrophage inflammatory protein-1 a and macrophage inflammatory 
protein 1-alpha) 

“CCL3 is expressed constitutively in the bone marrow, including by osteoblasts, and is 
induced during inflammation. Bacterial toxins, viral infections, TNFa, IFN-y, IL-18, and IL-6 
are some of the stimuli that induce the expression of CCL3 and/or CCL4 in vitro from multiple 
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cell types including monocytes/macrophages, DCs, and epithelial cells. In addition, IL-10, IL- 
4, and transforming growth factor-B attenuate the inflammation-induced expression of these 
two chemokines.””° 

“Macrophage inflammatory protein-1a (MIP-1a) and MIP-18 are distinct but highly 
homologous CC chemokines produced by a variety of host cells in response to various 
external stimuli and share affinity for CCR5. To better elucidate the role of these CC 
chemokines in adaptive immunity, we have characterized the affects of MIP-1a and MIP-18 
on cellular and humoral immune responses. MIP-1a stimulated strong antigen (Ag)—specific 
serum immunoglobulin G (lgG) and IgM responses, while MIP-1B promoted lower IgG and 
IgM but higher serum IgA and IgE antibody (Ab) responses. MIP-1a0 elevated Ag-specific IgG1 
and IgG2b followed by IgG2a and IgG3 subclass responses, while MIP-18 only stimulated 
IgG1 and IgG2b subclasses. Correspondingly, MIP-1B produced higher titers of Ag-specific 
mucosal secretory IgA Ab levels when compared with MIP-1a.”°° 

Covid-19 raises CCL3 (MIP-1a) 

ae Profiles Associated With Worse Prognosis in a Hospitalized Peruvian COVID-19 
Coho 

Glucose raises CCL3 (MIP-1a) 


Glucose-induced expression of MIP-1 genes requires O-GIcNAc transferase in 
monocytes” 

Cannabinoids inhibit CCL3 (MIP-1a) 

Heavy Cannabis Use Associated With Reduction in Activated and Inflammatory Immune Cell 


Frequencies in Antiretroviral Therapy—Treated Human Immunodeficiency Virus—Infected 
Individuals® 


Curcumin inhibits CCL3 (MIP-1a) 

Curcumin inhibition of inflammatory cytokine production by human peripheral blood 
monocytes and alveolar macrophages™ 

Vitamin D suppresses CCL3 (MIP-1a) 

Effect of Vitamin D3 on Monocyte Chemoattractant Protein 1 Production in Monocytes and 


Macrophages” 
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Gaba: no data found 


11. CCL4 (MIP-1b) CCR5 receptor 

“CCL4, a CC chemokine, previously known as macrophage inflammatory protein (MIP)-18, 
has diverse effects on various types of immune and nonimmune cells by the virtue of its 
interaction with its specific receptor, CCRS, in collaboration with related but distinct CC 
chemokines such as CCL3 and CCL5, which can also bind CCR5. Several lines of evidence 
indicate that CCL4 can promote tumor development and progression by recruiting regulatory 
T cells and pro-tumorigenic macrophages, and acting on other resident cells present in the 
tumor microenvironment, such as fibroblasts and endothelial cells, to facilitate their pro- 
tumorigenic capacities.” (CCL4 Signaling in the Tumor Microenvironment)* 

Covid-19 increases CCL4 (MIP-1b) levels 

MIP-1a and MIP-1b in serum as potential markers of the severe course COVID-19* 

High Glucose increases CCL4 (MIP-1b) levels 

MCP-1 and MIP-2 expression and production in BB diabetic rat: effect of chronic hypoxia®™® 
Cannabinoids lower CCL4 (MIP-1b) 

Heavy Cannabis Use Associated with Reduction in Activated and Inflammatory Immune Cell 
Frequencies in Antiretroviral Therapy-Treated Human Immunodeficiency Virus-Infected 
Individuals® 

Curcumin lowers CCL4 (MIP-1b) 

Curcumin inhibition of inflammatory cytokine production by human peripheral blood 
monocytes and alveolar macrophages” 

Vitamin D lowers CCL4 (MIP-1b) 

Effect of Vitamin D3 on Monocyte Chemoattractant Protein 1 Production in Monocytes and 


Macrophages”! 
Gaba: no data found 


12. CCL5 (RANTES) 

“CCR1, CCR3, and CCR8 all function as receptors for CCL5. Thus, CCL5 produces signals in 
monocytes, macrophages, T-cell subsets, DCs, eosinophils, basophils, and microglia. In addition to its 
chemoattractant activity, CCL5 stimulates eosinophils to secrete eosinophil cationic protein and 
stimulates basophils to release histamine. Mononuclear cells in CCL5 KO mice migrate less to sites of 
cutaneous hypersensitivity and T cells from these mice proliferate less in vitro in response to mitogens 
and specific antigens. The effects of CCL5 overexpression in animal models or challenge in humans 
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vary with the anatomic site and type of challenge. Intratracheal challenge of Sprague—Dawley rats with 
CCL5-expressing adenovirus showed enhanced monocyte recruitment to the lung by approximately 
50-fold, although CCL5 challenge to nasal mucosa of allergic patients induced eosinophil influx. CCL5 
is expressed in lungs of patients with chronic eosinophilic pneumonia, suggesting that CCL5 has a 
role in eosinophil-induced pathology and that CCL5 blockade may be beneficial in treatment of atopic 
diseases, including asthma.”?? 

Disruption of CCL5 (RANTES) reduces coronavirus propagation 

Disruption of the CCL5/RANTES-CCR5 Pathway Restores Immune Homeostasis and Reduces 
Plasma Viral Load in Critical COVID-19% 

CCL5 (RANTES) disrupts glucose insulin release 

RANTES (CCL5) reduces glucose-dependent secretion of glucagon-like peptides 1 and 2 and 
impairs glucose-induced insulin secretion in mice“ 

Cannabinoids inhibit CCL5 (RANTES). 

The cannabinoid delta-9-tetrahydrocannabinol mediates inhibition of macrophage chemotaxis 
to RANTES/CCLS5: linkage to the CB2 receptor” 

A9 Tetrahydrocannabinol and cannabidiol alter cytokine production by human immune cells” 
Curcumin lowers serum levels of CCL5 (RANTES) 

Effect of curcumin supplementation on serum expression of select cytokines and chemokines 
in a female rat model of nonalcoholic steatohepatitis” 

Vitamin D decreases CCL5 (RANTES) 

Vitamin D analogs decrease in vitro secretion of RANTES and enhance the effect of 
budesonide” 

Gaba inhibits CCL5 (RANTES) 

Anti-inflammatory effects of the GABA(B) receptor agonist baclofen in allergic contact 


dermatitis” 


13. CCL7 (C-C motif chemokine ligand) MCP-3 
“A gene on chromosome 17q11.2-q12 that encodes monocyte chemotactic protein 3 (MCP-3), a 
secreted chemokine that attracts macrophages during inflammation and metastasis. MCP-3/CCL7 is a 
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member of the C-C subfamily of chemokines, which have two adjacent cysteine residues, and is a 
ligand for CCR1, CCR2 and CCR3. It is an in vivo substrate of matrix metalloproteinase 2, an enzyme 
that degrades the extracellular matrix.”"”° 

Covid-19 releases CCL7 (MCP-3) 

Chemokines and chemokine receptors during COVID-19 infection 
Sucrose binds to CCL7 (MCP-3) 

Potential inhibitors of chemokine function: analysis of noncovalent complexes of CC 
chemokine and small polyanionic molecules by ESI FT-ICR mass spectrometry’” 
Cannabinoids reduce CCL7 (MCP-3) 

Cannabis compounds exhibit anti-inflammatory activity in vitro in COVID-19-related 
inflammation in lung epithelial cells and pro-inflammatory activity in macrophages” 
Curcumin inhibits CCL7 (MCP-3) 

Anti-inflammatory effects of curcumin in acute lung injury: In vivo and in vitro 
experimental model studies™ 

Vitamin D lowers CCL7 (MCP-3) 

Optimal vitamin D plasma levels are associated with lower bacterial DNA translocation in 
HlV/hepatitis c virus coinfected patients'™ 
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14. CCL8 (MCP-2) 

“MCPs stimulate the directed migration or chemotaxis (and activation) of leukocytes into sites of 
inflammation. All MCPs except CCL8 bind to CCR2, which is expressed on monocytes and 
macrophages, T cells, B cells, dendritic cells, basophils, mast cells, NK cells and neutrophils. CCL2, 
CCL8 and CCL7 bind to CCR1, which is expressed by monocytes, T cells, DCs, and eosinophils. 
CCL8, CCL7 and CCL13 bind to CCR3, which is expressed predominantly by eosinophils, basophils, 
and Th2-polarized CD4+ T cells. CCL8 can also bind CCR85, which is expressed by Th1-polarized 
CD4+ T cells and effector CD8+ T cells, monocytes, macrophages, and DCs. Arguably the archetypal 
MCP is CCL2 (MCP-1) and therefore most research has focussed on this chemokine in relation to 
function and disease.”'° 

Anti CCL8 (MCP-2) antibodies have been proposed for Covid-19 


Technology - Anti-CCL8 Antibodies for COVID-19 and Other Immune Related Conditions 
(sc.edu) 
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Glucose-dependent insulinotropic peptide (GIP) reduces CCL8 (MCP-2) 

Long-acting glucose-dependent insulinotropic polypeptide ameliorates obesity-induced 
adipose tissue inflammation’” 

Cannabinoids reduce CCL8 (MCP-2) 

Anti-inflammatory activity of topical THC in DNFB-mediated mouse allergic contact dermatitis 
independent of CB1 and CB2 receptors'” 

Curcumin: No data 

Vitamin D reduces expression of the CCL8 gene 


Effects of vitamin D supplementation on alveolar macrophage gene expression: preliminary 
results of a randomized, controlled trial’® 


Gaba: no data found 


15. CCL17 (CC chemokine ligand 17, TARC 

ABCD-2) 

“This antimicrobial gene is one of several Cys-Cys (CC) cytokine genes clustered on the q arm of 
chromosome 16. Cytokines are a family of secreted proteins involved in immunoregulatory and 
inflammatory processes. The CC cytokines are proteins characterized by two adjacent cysteines. The 
cytokine encoded by this gene displays chemotactic activity for T lymphocytes, but not monocytes or 
granulocytes. The product of this gene binds to chemokine receptors CCR4 and CCR8.” (CCL17 
National Institutes of Health) 

CCL17 predicts mild to severe Covid-19 

Serum CCL17 level becomes a predictive marker to distinguish between mild/moderate and 
severe/critical disease in patients with COVID-19"° 

Glucose: no data found 

Cannabinoids down-regulate CCL17 

Polyphenols and Cannabidiol Modulate Transcriptional Regulation of Th1/Th2 Inflammatory 
Genes Related to Canine Atopic Dermatitis™ 

Curcumin reduces production of CCL17 

IL-17 stimulates the expression of CCL2 in cardiac myocytes via Act1/TRAF6/p38MAPK- 
dependent AP-1 activation”? 
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Low Vitamin D raise CCL17 (TARC) Levels 


Infantile atopic dermatitis: Serum vitamin D, zinc and TARC levels and their relationship with 


disease phenotype and severity”* 
Gaba: no data found 


16. CCL20 (MIP-3a) 

“CCL20 is expressed in thymus, in lymph nodes, and at high levels in epithelium associated with 
MALT. Inflammatory cytokines and lipopolysaccharide (LPS) induce the expression of CCL20 by 
peripheral blood mononuclear cells (PBMCs), endothelial and epithelial cells, monocyte and 
macrophage cell lines, and neutrophils”" 

Covid-19 increases CCL20 expression 

COVID-19 severity correlates with airway epithelium—immune cell interactions identified by 
single-cell analysis"* 

High Glucose induces CCL20 

High Glucose Induces CCL20 in Proximal Tubular Cells via Activation of the KCa3.1 Channel”® 
Cannabinoids: no data found 

Curcumin: no data found 

Vitamin D down-regulates CCL20 

Vitamin D down-regulates the expression of some Th17 cell-related cytokines, key 


inflammatory chemokines, and chemokine receptors in experimental autoimmune 
encephalomyelitis"’ 


Gaba: no data found 


17. CCL24 [myeloid progenitor inhibitory factor 2 (MPIF-2) or eosinophil chemotactic 
protein 2 (eotaxin-2) ] 

“Enables cytokine activity. Involved in positive regulation of angiogenesis and positive regulation of 
inflammatory response. Acts upstream of or within chemotaxis and positive regulation of eosinophil 
migration. Predicted to be located in extracellular region. Predicted to be active in extracellular space. 
Human ortholog(s) of this gene implicated in asthma and rhinitis.” (CCL24, National Library of 
Medicine, NIH) 

“CCL24 plays an important role in pathological processes of skin and lung inflammation and 
fibrosis. Inhibition of CCL24 by CM-101 mAb can be potentially beneficial for therapeutic use 
in SSc patients.” (Blockade of CCL24 with a monoclonal antibody ameliorates 
experimental dermal and pulmonary fibrosis) 

CCL24 mediates Covid-19 inflammation and severity 

Early Th2 inflammation in the upper respiratory mucosa as a predictor of severe COVID-19 and 
modulation by early treatment with inhaled corticosteroids: a mechanistic analysis" 
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High Glucose increases CCL24 

CCL24 Protects Renal Function by Controlling Inflammation in Podocytes 
Cannabinoid receptor CB2 controls MPIF-2 

The CB2 Cannabinoid Receptor Controls Myeloid Progenitor Trafficking’”” 
Curcumin: no data found 

Vitamin D: no data found 

Gaba: no data found 
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18. CXCL1 [(C-X-C motif) ligand 1] 

“This antimicrobial gene encodes a member of the CXC subfamily of chemokines. The encoded 
protein is a secreted growth factor that signals through the G-protein coupled receptor, CXC receptor 
2. This protein plays a role in inflammation and as a chemoattractant for neutrophils. Aberrant 
expression of this protein is associated with the growth and progression of certain tumors. A naturally 
occurring processed form of this protein has increased chemotactic activity.” (CXCL1, National 
Library of Medicine, NIH) 

CXCL1 is expressed in Covid-19 

COVID-19 severity correlates with airway epithelium-immune Cell interactions identified by 
single-cell analysis’”' 

High Glucose and obesity linked to increased CXCL1 expression 

Increased serum CXCL1 and CXCLS5 are linked to obesity, hyperglycemia, and impaired islet 
function’” 

Cannabinoids suppresses CXCL1 

Critical Role of Mast Cells and Peroxisome Proliferator-Activated Receptor y in the Induction of 
Myeloid-Derived Suppressor Cells by Marijuana Cannabidiol In Vivo'”* 

Curcumin down-regulates CXCL1 


Curcumin downregulates the inflammatory cytokines CXCL1 and -2 in breast cancer cells via 
NFxKB"” 
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Vitamin D upregulates CXCL1 

Primary 1,25-dihydroxyvitamin D3 response of the interleukin 8 gene cluster in human 
monocyte- and macrophage-like cells’”° 

Gaba reduces CXCL1 

immunomodulatory Properties of a y-Aminobutyric Acid-Enriched Strawberry Juice Produced 
by Levilactobacillus brevis CRL 2013’ 


19. CXCL2 (Chemokine (C-X-C motif) ligand 2 , macrophage inflammatory protein 2-alpha 
(MIP2-alpha), Growth-regulated protein beta (Gro-beta) and Gro oncogene-2 (Gro-2) 
“Neutrophils and the CXC2-CXCR2 axis. Both CXCL1 and CXCL2 act through CXCR2 
expressed on neutrophils. Antibody neutralization of CXKCR2 has confirmed the need for 
neutrophil recruitment in models of P. aeruginosa (Tsai et al., 2000). Consistent with this, 
CXCR2 deficient mice have severely perturbed recruitment of neutrophils (and exudate 
macrophages) resulting in bacterial outgrowth in pneumococcal pneumonia (Herbold et al., 
2010).” (CXCL2 - an overview ScienceDirect Topics) 

Covid-19 raises CXCL2 

Chemokines and chemokine receptors during COVID-19 infection?’ 

CXCL2 is up-regulated in obesity 

Roles of Chemokine Ligand-2 (CXCL2) and Neutrophils in Influencing Endothelial Cell 
Function and Inflammation of Human Adipose Tissue’ 

Cannabinoid receptor CB2 inhibits CXCL2 

Activation of cannabinoid 2 receptors protects against cerebral ischemia by inhibiting 
neutrophil recruitment'”® 

Curcumin inhibits CXKCL2 

Curcumin Inhibits 5-Fluorouracil-induced Up-regulation of CXCL1 and CXCL2 of the Colon 
Associated with Attenuation of Diarrhoea Development” 

Vitamin D inhibits CXCL2 

Vitamin D3-vitamin D receptor axis suppresses pulmonary emphysema by maintaining alveolar 
macrophage homeostasis and function" 
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Gaba interferes with the production of CXCL2 
Anti-inflammatory effects of the GABA(B) receptor agonist baclofen in allergic contact 
dermatitis’? 


20. CXCL8 (C-X-C motif chemokine ligand 8; Interleukin 8) 

“The protein encoded by this gene is a member of the CXC chemokine family and is a major mediator 
of the inflammatory response. The encoded protein is commonly referred to as interleukin-8 (IL-8). IL- 
8 is secreted by mononuclear macrophages, neutrophils, eosinophils, T lymphocytes, epithelial cells, 
and fibroblasts. It functions as a chemotactic factor by guiding the neutrophils to the site of infection. 
Bacterial and viral products rapidly induce IL-8 expression. IL-8 also participates with other cytokines 
in the proinflammatory signaling cascade and plays a role in systemic inflammatory response 
syndrome (SIRS). This gene is believed to play a role in the pathogenesis of the lower respiratory tract 
infection bronchiolitis, a common respiratory tract disease caused by the respiratory syncytial virus 
(RSV). The overproduction of this proinflammatory protein is thought to cause the lung inflammation 
associated with csytic fibrosis. This proinflammatory protein is also suspected of playing a role in 
coronary artery disease and endothelial dysfunction.” (CXCL8, National Library of Medicine, NIH) 
Covid-19 raises CXCL8 

The cytokine storm in COVID-19: An overview of the involvement of the 
chemokine/chemokine-receptor system'™ 

High Glucose induces CXCL8 

Insulin induces monocytic CXCL8 secretion by the mitogenic signalling pathway” 
Cannabinoids reduce CXCL8 (interleukin-8), but increase in higher doses 

Effects of cannabidiol on activated immune-inflammatory pathways in major 
depressivepatients and healthy controls’® 

Curcumin inhibits CXCL8 (interleukin 8) 

Rationale and Means to Target Pro-Inflammatory Interleukin-8 (CXCL8) Signaling in Cancer 
Vitamin D down-regulates CXCL8 (interleukin 8) 

Down-regulation of IL-8 by high-dose vitamin D is specific to hyperinflammatory macrophages 
and involves mechanisms beyond up-regulation of DUSP1"” 

Gaba signaling might play a key role in CXCL8 (interleukin 8) 

Serum Levels and in vitro CX3CL1 (Fractalkine), CXCL8, and IL-10 Synthesis in 
Phytohemaglutinin-Stimulated and Non-stimulated Peripheral Blood Mononuclear Cells in 
Subjects With Schizophrenia’ 


136 


132 Duthey B, Hiibner A, Diehl S, Boehncke S, Pfeffer J, Boehncke WH. Anti-inflammatory effects of the GABA(B) 
receptor agonist baclofen in allergic contact dermatitis. Exp Dermatol. 2010 Jul 1;19(7):661-6. doi: 10.1111/j.1600- 
0625.2010.01076.x. Epub 2010 Feb 25. PMID: 20201957. 

133 Coperchini F, Chiovato L, Croce L, Magri F, Rotondi M. The cytokine storm in COVID-19: An overview of the 
involvement of the chemokine/chemokine-receptor system. Cytokine Growth Factor Rev. 2020 Jun;53:25-32. doi: 
10.1016/j.cytogfr.2020.05.003. Epub 2020 May 11. PMID: 32446778; PMCID: PMC7211650. 

134 Wurm S, Neumeier M, Weigert J, Wanninger J, Gerl M, Gindner A, Schaffler A, Aslanidis C, Schélmerich J, Buechler 
C. Insulin induces monocytic CXCL8 secretion by the mitogenic signalling pathway. Cytokine. 2008 Oct;44(1):185-90. doi: 
10.1016/j.cyto.2008.08.003. Epub 2008 Sep 11. PMID: 18789871. 

135 Rachayon M, Jirakran K, Sodsai P, Klinchanhom S, Sughondhabirom A, Plaimas K, Suratanee A, Maes M. In Vitro 
Effects of Cannabidiol on Activated Immune-Inflammatory Pathways in Major Depressive Patients and Healthy Controls. 
Pharmaceuticals (Basel). 2022 Mar 26;15(4):405. doi: 10.3390/ph15040405. PMID: 35455402; PMCID: PMC9032852. 
136 Campbell LM, Maxwell PJ, Waugh DJ. Rationale and Means to Target Pro-Inflammatory Interleukin-8 (CXCL8) 
Signaling in Cancer. Pharmaceuticals (Basel). 2013 Aug 6;6(8):929-59. doi: 10.3390/ph6080929. PMID: 24276377; 
PMCID: PMC3817732. 

137 Dauletbaev N, Herscovitch K, Das M, Chen H, Bernier J, Matouk E, Bérubé J, Rousseau S, Lands LC. Down- 
regulation of IL-8 by high-dose vitamin D is specific to hyperinflammatory macrophages and involves mechanisms beyond 
up-regulation of DUSP1. Br J Pharmacol. 2015 Oct;172(19):4757-71. doi: 10.1111/bph.13249. PMID: 26178144; PMCID: 
PMC4594277. 

138 Arabska J, Wysokinski A, Brzezinska-Blaszczyk E, Kozlowska E. Serum Levels and in vitro CX3CL1 (Fractalkine), 
CXCL8, and IL-10 Synthesis in Phytohemaglutinin-Stimulated and Non-stimulated Peripheral Blood Mononuclear Cells in 


21. CXCL9 (C-X-C motif chemokine ligand 9) 

“This antimicrobial gene is part of a chemokine superfamily that encodes secreted proteins 
involved in immunoregulatory and inflammatory processes. The protein encoded is thought to 
be involved in T cell trafficking. The encoded protein binds to C-X-C motif chemokine 3 and is a 
chemoattractant for lymphocytes but not for neutrophils.” (CXCL9. National Library of 
Medicine, NIH) 

Covid-19 up-regulates CXCL9 

The Pro-Inflammatory Chemokines CXCL9, CXCL10 and CXCL11 Are Upregulated Following 
SARS-CoV-2 Infection in an AKT-Dependent Manner"? 

High Glucose increases CXCL9 

Glucose metabolism controls disease-specific signatures of macrophage effector functions 
Cannabinoids inhibit CXCL9. 

Efficacy of cannabidiol treatment in experimental MS is due to immunosuppressive activity of 
myeloid cells in CNS downregulating recruitment of CD4+ T cells, proinflammatory 
chemokines and gasdermin D expression™ 

Curcumin inhibits CXCL9 

Curcumin inhibits interferon-y signaling in colonic epithelial cells 
Vitamin D decreases CXCL9 

Vitamin D accelerates resolution of inflammatory responses during tuberculosis treatment” 
Gaba receptor antagonist reduces CXCL9 

Anti-inflammatory effects of the GABA(B) receptor agonist baclofen in allergic contact 
dermatitis™ 


140 


142 


22. CXCL10 (C-X-C motif chemokine ligand 10, Interferon gamma-induced protein 10 
(IP-10) or small-inducible cytokine B10) 

“This antimicrobial gene encodes a chemokine of the CXC subfamily and ligand for the receptor 
CXCR3. Binding of this protein to CXCR3 results in pleiotropic effects, including stimulation of 
monocytes, natural killer and T-cell migration, and modulation of adhesion molecule expression. This 
gene may also be a key regulator of the 'cytokine storm' immune response to SARS-CoV-2 infection.” 


(CXCL10. National Library of Medicine, NIH) 
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pathway 
Cannabinoids decrease CXCL10 (IP-10) 


A9-Tetrahydrocannabinol (THC) Impairs CD8+ T Cell-Mediated Activation of Astrocytes” 
Curcumin reduces CXCL10 (IP-10) 

The anti-inflammatory activity of curcumin protects the genital mucosal epithelial barrier from 
disruption and blocks replication of HIV-1 and HSV-2" 
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Correction of vitamin D deficiency facilitated suppression of IP-10 and DPP IV levels in patients 
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23. CSF2/GM-CSF (colony-stimulating factor 2 or Granulocyte-macrophage colony- 
stimulating factor) 

“GM-CSF was originally identified as a colony stimulating factor (CSF) because of its ability to induce 
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of suppressing many autoimmune diseases such as Crohn's disease, Type-1 diabetes, Myasthenia 
gravis and experimental autoimmune thyroiditis. Knockout mouse studies have suggested that the role 
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Cannabinoids lower CSF2 (GM-CSF) 

Oral administration of cannabis with lipids leads to high levels of cannabinoids in the intestinal 
lymphatic system and prominent immunomodulation’ 

Curcumin suppresses CSF2 (GM-CSF) 

Curcumin inhibits the growth of liver cancer by impairing myeloid-derived suppressor cells in 
murine tumor tissues’™ 

Vitamin D lowers levels of CSF2 (GM-CSF) 
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24. Interleukin-1 

“Interleukin-1 (IL-1) is the prototypic pro-inflammatory cytokine. There are two forms of IL-1, IL-1alpha 
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occurring IL-1 receptor antagonist (IL-1Ra). IL-1Ra is structurally similar to IL-1beta but lacking 
agonist activity is used in clinical trials to reduce disease severity.” (Interleukin 1, National Library of 
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25. Interleukin-2 

“The existence of interleukin (IL)-2 has been recognized for over 25 years, and it remains one of the 
most extensively studied cytokines. Here we present a broad overview of IL-2 history, functional 
activities, biological sources, regulation and applications to disease treatment. IL-2 exerts a wide 
spectrum of effects on the immune system, and it plays crucial roles in regulating both immune 
activation and homeostasis.” (Overview of interleukin-2 function, production and clinical 
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26. Interleukin-5 

“Interleukin-5 (IL-5) is a growth factor and chemoattractant for eosinophils and is thought to play an 
essential role in allergic rhinitis, eosinophilic esophagitis and idiopathic hypereosinophilic syndrome” 
(Science Direct, Interleukin-5) 
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Proinflammatory cytokine polarization in type 2 diabetes'’” 
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Evaluation of Serum Cytokines Levels and the Role of Cannabidiol Treatment in Animal Model 
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27. Interleukin-6 

“COVID-19 has emerged as a global pandemic. It is mainly manifested as pneumonia which may 
deteriorate into severe respiratory failure. The major hallmark of the disease is the systemic 
inflammatory immune response characterized by Cytokine Storm (CS). CS is marked by elevated 
levels of inflammatory cytokines, mainly interleukin-6 (IL-6), IL-8, IL-10, tumour necrosis factor-a (TNF- 
a) and interferon-y (IFN-y). Of these, IL-6 is found to be significantly associated with higher mortality. 
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IL-6 is also a robust marker for predicting disease prognosis and deterioration of clinical profile.” 
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28. IL-12 (interleukin-12) 

“Interleukin-12 (IL-12) is a potent proinflammatory cytokine that enhances the cytotoxic 
activity of T lymphocytes and resting natural killer cells.”"®* 
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30. IL-18 (Interleukin-18) 

“IL-18 is a 22-kD proinflammatory cytokine, which increases in the kidney after ischemia- 
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dependent manner. '?°” 
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Relationship between serum 25-hydroxyvitamin D and inflammatory cytokines in paediatric 
sickle cell disease” 

Gaba reduces production of interleukin 18 


Oral microbe-host interactions: influence of B-glucans on gene expression of inflammatory 


cytokines and metabolome profile”™ 
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31. IL-33 (interleukin-33) 

“Interleukin-33 (IL-33) is a tissue-derived nuclear cytokine from the IL-1 family abundantly 
expressed in endothelial cells, epithelial cells and fibroblast-like cells, both during 
homeostasis and inflammation. It functions as an alarm signal (alarmin) released upon cell 
injury or tissue damage to alert immune cells expressing the ST2 receptor (IL-1RL1). The 
major targets of IL-33 in vivo are tissue-resident immune cells such as mast cells, group 2 
innate lymphoid cells (ILC2s) and regulatory T cells (Tregs). Other cellular targets include T 
helper 2 (Th2) cells, eosinophils, basophils, dendritic cells, Th1 cells, CD8+ T cells, NK cells, 
iNKT cells, B cells, neutrophils and macrophages. IL-33 is thus emerging as a crucial immune 
modulator with pleiotropic activities in type-2, type-1 and regulatory immune responses, and 
important roles in allergic, fibrotic, infectious, and chronic inflammatory diseases.” 
(Interleukin-33 (IL-33): A nuclear cytokine from the IL-1 family”) 

Interleukin 33 levels raised with Covid-19 severity 


IL 33 Correlates With COVID-19 Severity, Radiographic and Clinical Finding”” 

High Glucose raises interleukin 33 levels 

Circulating levels of IL-33 are elevated by obesity and positively correlated with metabolic 
disorders in Chinese adults?” 

Cannabinoids normalize levels of interleukin-33 

Cannabidiol Ameliorates Cognitive Function via Regulation of IL-33 and TREM2 Upregulation 
in a Murine Model of Alzheimer's Disease” 

Curcumin suppresses interleukin-33 

The Immunomodulatory and Anti-Inflammatory Effect of Curcumin on Immune Cell 
Populations, Cytokines, and In Vivo Models of Rheumatoid Arthritis?” 

Vitamin D decreases interleukin-33 

Vitamin D Modulates the Expression of IL-27 and IL-33 in the Central Nervous System in 
Experimental Autoimmune Encephalomyelitis (EAE)"° 

Gaba: no data found 


32. IFN-y (interferon gamma/type II interferon) 

“IFNy is a cytokine with important roles in tissue homeostasis, immune and inflammatory responses 
and tumour immunosurveillance. Signalling by the IFNy receptor activates the Janus kinase (JAK)- 
signal transducer and activator of transcription 1 (STAT1) pathway to induce the expression of 
classical interferon-stimulated genes that have key immune effector functions. This Review focuses on 
recent advances in our understanding of the transcriptional, chromatin-based and metabolic 
mechanisms that underlie IFNy-mediated polarization of macrophages to an 'M1-like' state, which is 
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characterized by increased pro-inflammatory activity and macrophage resistance to tolerogenic and 
anti-inflammatory factors. In addition, | describe the newly discovered effects of IFNy on other 
leukocytes, vascular cells, adipose tissue cells, neurons and tumour cells that have important 
implications for autoimmunity, metabolic diseases, atherosclerosis, neurological diseases and immune 
checkpoint blockade cancer therapy.” (JFNy: signalling, epigenetics and roles in immunity, 
metabolism, disease and cancer immunotherapy””) 

Covid-19 raises IFN-y. 

Lower Circulating Interferon-Gamma Is a Risk Factor for Lung Fibrosis in COVID-19 Patients?” 
High Glucose raises IFN-y 

High glucose attenuates insulin-induced VEGF expression in bovine retinal microvascular 
endothelial cells?” 

Cannabinoids lower IFN-y 

Combination of Cannabinoids, A9- Tetrahydrocannabinol and Cannabidiol, Ameliorates 
Experimental Multiple Sclerosis by Suppressing Neuroinflammation Through Regulation of 
miRNA-Mediated Signaling Pathways“ 

Curcumin lowers IFN-y 

Curcumin mediates attenuation of pro-inflammatory interferon y and interleukin 17 cytokine 
responses in psoriatic disease, strengthening its role as a dietary immunosuppressant’” 
Vitamin D lowers IFN-y 

Effect of vitamin D supplementation on cathelicidin, IFN-y, IL-4 and Th1/Th2 transcription 
factors in young healthy females” 

Gaba: no data found 


33. TNF/TNF-a (tumor necrosis factor alpha or cachexin, or cachectin) 

“Tumour Necrosis Factor alpha (TNF alpha), is an inflammatory cytokine produced by 
macrophages/monocytes during acute inflammation and is responsible for a diverse range of 
signalling events within cells, leading to necrosis or apoptosis. The protein is also important for 
resistance to infection and cancers. TNF alpha exerts many of its effects by binding, as a trimer, to 
either a 55 kDa cell membrane receptor termed TNFR-1 or a 75 kDa cell membrane receptor termed 
TNFR-2. Both these receptors belong to the so-called TNF receptor superfamily. The superfamily 
includes FAS, CD40, CD27, and RANK.” (INF alpha and the TNF receptor superfamily: 
structure-function relationship(s). National Library of Medicine, NIH”"’) 
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Covid-19 raises TNF-a 

Increased Serum Levels of Soluble TNF-a Receptor Ils Associated With ICU Mortality in COVID- 
19 Patients?" 

Dietary Sugars increase TNF-a 


Effect of Dietary Sugar Intake on Biomarkers of Subclinical Inflammation: A Systematic Review 
and Meta-Analysis of Intervention Studies””’ 

Cannabinoids reduce TNF-a 

The Effects of Cannabinoids on Pro- and Anti-inflammatory Cytokines: A Systematic Review of 
In Vivo Studies?” 

Curcumin reduces TNF-a 

Curcumin downregulates human tumor necrosis factor-a levels: A systematic review and meta- 
analysis of randomized controlled trials?" 

Vitamin D reduces TNF-a 

Vitamin D and Serum Cytokines in a Randomized Clinical Trial?” 

Gaba enhances TNF-a, but also enhances TNF-b, which counters this effect 

Sub-basal increases of GABA enhance the synthesis of TNF-a, TGF-B, and IL-1B in the immune 


system organs of the Nile tilapia’”’ 


34. APN/GBP28/apM1 (adiponectin/AdipoQ and Acrp30) 

“Adiponectin (APN) is a unique adipokine with multiple salutary effects such as antiapoptotic, anti- 
inflammatory, and anti-oxidative activities in numerous organs and cells. Chronic obstructive 
pulmonary disease (COPD), a growing cause of mortality and morbidity worldwide, often results from 
the smoking habit and is considered a lifestyle-related disease. COPD is frequently complicated with 
comorbidities, such as cardiovascular disease, diabetes mellitus, and osteoporosis; however, the 
molecular mechanisms linking COPD and the associated comorbidities are poorly understood. Recent 
data have revealed a role for APN in the lung; mice lacking APN spontaneously develop a COPD-like 
phenotype with extrapulmonary effects, including systemic inflammation, body weight loss, and 
osteoporosis. This finding highlights the key role of APN in lung pathology and the novel cross talk 
between lung and adipose tissues. 7.” 
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Covid-19 Lowers Adiponectin 

Hyperglycemia in acute COVID-19 is characterized by insulin resistance and adipose 
tissue infectivity by SARS-CoV-2”” 

High Adiponectin Lowers Blood Sugar 

Adiponectin, a Therapeutic Target for Obesity, Diabetes, and Endothelial 
Dysfunction’”® 

Cannabinoids Increase Adiponectin Levels 

Efficacy and Safety of Cannabidioland Tetrahydrocannabivarin on Glycemic and Lipid 
Parameters inPatients With Type 2 Diabetes: ARandomized, Double-Blind, Placebo-Controlled, 
Parallel GroupPilot Study” 

Curcumin Increases Adiponectin Levels 

The effect of curcumin supplementation on circulating adiponectin: A systematic review and 
meta-analysis of randomized controlled trials?” 

Vitamin D Increases Adiponectin Levels 

The effect of vitamin D supplementation on insulin resistance, visceral fat and adiponectin in 
vitamin D deficient women with polycystic ovary syndrome: a randomized placebo-controlled 
trial’? 

Gaba Increases Adiponectin Levels 

Oral administration of y-aminobutyric acid and y-oryzanol prevents stress-induced 


hypoadiponectinemia”” 


Regulates gene expression 


35. AHR (aryl hydrocarbon receptor) 

“The aryl hydrocarbon receptor (AhR) is a cytoplasmic receptor and transcription factor 
activated through cognate ligand binding. It is an important factor in immunity and tissue 
homeostasis, and structurally diverse compounds from the environment, diet, microbiome, 
and host metabolism can induce AhR activity. Emerging evidence suggests that AhR is a key 
sensor allowing immune cells to adapt to environmental conditions and changes in AhR 
activity have been associated with autoimmune disorders and cancer. Furthermore, ANR 
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agonists or antagonists can impact immune disease outcomes identifying AhR as a potentially 
actionable target for immunotherapy.” ” 

Covid-19 induces AHR signaling 

AHR signaling is induced by infection with coronaviruses””* 

Glucose activates AHR 

Aryl Hydrocarbon Receptor (AhR) is Activated by Glucose and Regulates the 
Thrombospondin-1 Gene Promoter in Endothelial Cells®*° 

Cannabinoids reduce AHR activation 


Role of Epigenome and Microbiome in Cannabinoid and Aryl Hydrocarbon Receptor-Mediated 
Regulation of Inflammatory and Autoimmune Diseases”™ 

Curcumin suppresses AHR activation 

Effect of Curcumin on the Aryl Hydrocarbon Receptor and Cytochrome P450 1A1 in MCF-7 
Human Breast Carcinoma Cells?” 

Vitamin D suppresses AHR activation 

AhR is a molecular target of Calcitriol in human T cells 
Gaba: No data found 


236 


Cytokine activation 


36. CASP1/ICE (Caspase-1/Interleukin-1 converting enzyme) 

“This gene encodes a protein which is a member of the cysteine-aspartic acid protease (caspase) 
family. Sequential activation of caspases plays a central role in the execution-phase of cell apoptosis. 
Caspases exist as inactive proenzymes which undergo proteolytic processing at conserved aspartic 
residues to produce 2 subunits, large and small, that dimerize to form the active enzyme. This gene 
was identified by its ability to proteolytically cleave and activate the inactive precursor of interleukin-1, 
a cytokine involved in the processes such as inflammation, septic shock, and wound healing.” 
(CASP1. National Library of Medicine, NIH) 

Covid-19 activates CASP1 

SARS-CoV-2 engages inflammasome and pyroptosis in human primary monocytes” 
Glucose stimulates CASP1 

Purinergic regulation of high-glucose-induced caspase-1 activation in the rat retinal Muller cell 
line rMC-17*8 
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Cannabinoids decrease CASP1 

Cannabinoids as Key Regulators of Inflammasome Signaling: A Current Perspective 
Curcumin inhibits CASP1 

Curcumin Suppresses IL-18 Secretion and Prevents Inflammation through Inhibition of the 
NLRP3 Inflammasome*” 

Vitamin D deficiency activates CASP1 

Vitamin D Receptor Inhibits NLRP3 Activation by Impeding Its BRCC3-Mediated 


Deubiquitination™ 
Gaba: no data found 
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37. MyD88& 

“MYD88 is an adaptor protein that interacts with IRAK4 and IRAK1 to activate both the NFKB and 
interferon pathways through TRAF6.”“4? 

COVID-19 raises MyD88, but it lowers close to septic shock 

Myeloid phenotypes in severe COVID-19 predict secondary infection and mortality: a pilot 


study 
MyD88 deficiency worsens Covid-19 


Varying IlIness Severity in Patients with MyD88 Deficiency Infected with Coronavirus SARS- 
Cov-27 

Fructose raises MyD88& 

Toll-like receptors 1—9 are elevated in livers with fructose-induced hepatic steatosis”“ 
MyD88 signaling is increased in obesity 

Increased TLR/MyD88 signaling in patients with obesity: is there a link to COVID-19 disease 


severity?” 
Cannabinoids reduce MyD88 release by inhibiting TLR3 and TLR4 


MyD88-dependent and -independent signalling via TLR3 and TLR4 are differentially modulated 
by A9-tetrahydrocannabinol and cannabidiol in human macrophages” 

Curcumin inhibits MyD88 via TLR4 

Curcumin attenuates acute inflammatory injury by inhibiting the TLR4/MyD88/NF-KB signaling 
pathway in experimental traumatic brain injury 
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Vitamin D down-regulates genes related to MyD88 

Gene expression analysis reveals vitamin D regulates genes critical to oncogenesis in MYD88 
mutated B cell lymphomas.”” 

Gaba inhibits MyD88 

Effects of dietary gamma-aminobutyric acid supplementation on the intestinal functions in 


weaning piglets”*” 


Blood Coagulation and Angiogenesis 


38. ANGIOGENESIS (NEW BLOOD VESSLE GROWTH) 

Angiogenesis is raised by Covid-19 

Pulmonary Vascular Endothelialitis, Thrombosis, and Angiogenesis in Covid-19”” 

High Glucose causes aberrant angiogenesis 

Novel Tissue-Specific Mechanism of Regulation of Angiogenesis and Cancer Growth in 
Response to Hyperglycemia?” 

Cannabinoids suppress angiogenesis 

Endocannabinoids as emerging suppressors of angiogenesis and tumor invasion (Review)”” 


Cannabidiol inhibits angiogenesis by multiple mechanisms?” 
Curcumin inhibits angiogenesis 


Curcumin as an inhibitor of angiogenesis”™ 
Vitamin D inhibits angiogenesis 

A systematic review on vitamin d and angiogenesis 
Inducing angiogenesis reduces Gaba in mouse brain 

Carnosine and L-arginine attenuate the downregulation of brain monoamines and gamma 
aminobutyric acid; reverse apoptosis and upregulate the expression of angiogenic factors ina 
model of hemic hypoxia in rats?” 
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39. SEPSIS (BLOOD INFECTION) 

“Sepsis is a clinical syndrome defined by a systemic response to infection. With progression to sepsis- 
associated organ failure (ie, severe sepsis) or hypotension (ie, septic shock) mortality increases. 
Sepsis is a cause of considerable mortality, morbidity, cost, and health care utilization. Abnormalities in 
the inflammation, immune, coagulation, oxygen delivery, and utilization pathways play a role in organ 
dysfunction and death.?°*” 

Covid-19 can cause sepsis 

COVID-19 and Sepsis” 

Hyperglycemia increases risk of sepsis 

Hyperglycemia in sepsis is a risk factor for development of type Il diabetes 
Cannabinoids potentially treat sepsis 


Cannabis Sativa Revisited—Crosstalk between microRNA Expression, Inflammation, Oxidative 
Stress, and Endocannabinoid Response System in Critically Ill Patients with Sepsis?**(Preprint) 


Cannabidiol Inhibits the Pore-Forming Activity of Gasdermin D in Sepsis 7 (preprint) 
Curcumin can potentially treat sepsis 

Therapeutic effects of curcumin on sepsis and mechanisms of action: A systematic 
review of preclinical studies?” 

Vitamin D can improve sepsis outcomes 


The Correlation between Serum Level of Vitamin D and Outcome of Sepsis Patients; a Cross- 
Sectional Study” 


Gaba levels are slightly elevated in Sepsis, but it is unlikely to play a role 


Gamma-Aminobutyric Acid (GABA) and Sepsis-Related Encephalopathy” 


40. VEGF-A,B,C,D/VFP (Vascular endothelial growth factor-a/ vascular permeability 
factor) 

“Vascular endothelial growth factor (VEGF) represents a growth factor with important pro-angiogenic 
activity, having a mitogenic and an anti-apoptotic effect on endothelial cells, increasing the vascular 
permeability, promoting cell migration, etc. Due to these effects, it actively contributes in regulating the 
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normal and pathological angiogenic processes. In humans, the VEGF family is composed of several 
members: VEGF-A (which has different isoforms), VEGF-B, VEGF-C, VEGF-D, VEGF-E (viral VEGF), 
VEGF-F (snake venom VEGF), placenta growth factor (PIGF), and, recently, to this family has been 
added endocrine gland-derived vascular endothelial growth factor (EG-VEGF).”(Role of vascular 
endothelial growth factor in the regulation of angiogenesis™™ 

COVID-19 VEGF changes contribute to illness 

The impact of the hypoxia-VEGF-vascular permeability on COVID-19-infected patients 
SARS-Covid-19-2 spike protein uses VEGF-A receptor 

SARS-CoV-2 Spike protein co-opts VEGF-A/Neuropilin-1 receptor signaling to induce 


analgesia 7°(Preprint) 
VEGF-B levels unchanged in COVID-19 


COVID-19 is a systemic vascular hemopathy: insight for mechanistic and clinical aspects 
VEGF-C levels unchanged in COVID-19 

SARS-CoV-2 spike spurs intestinal inflammation via VEGF production in enterocytes 
COVID-19 raises VEGF-D levels 

VEGF-D: a novel biomarker for detection of COVID-19 progression” 

High Glucose raises VEGF-A, B 

Glucose, VEGF-A, and diabetic complications 
Cannabinoids inhibit the VEGF pathway; VEGF-A, B 

Cannabinoids Inhibit the Vascular Endothelial Growth Factor Pathway in Gliomas”®’ 
Cannabinoids and VEGF-D: no data found 

Curcumin inhibits VEGF, VEGF-A 

Curcumin inhibits VEGF-mediated angiogenesis in human intestinal microvascular endothelial 


cells through COX-2 and MAPK inhibition?” 
Vitamin D decreases VEGF A, B, C, D 


Vitamin D Decreases Serum VEGF Correlating with Clinical Improvement in Vitamin D-Deficient 
Women with PCOS: A Randomized Placebo-Controlled Trial?” 
VEGF enhances Gaba 


VEGF modulates synaptic activity in the developing spinal cor 
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41. PAI-1/serpin E1 (Plasminogen activator inhibitor-1/endothelial plasminogen activator 
inhibitor ) 

“Plasminogen activator inhibitor-1 (PAI-1) is a member of the superfamily of serine-protease inhibitors 
(or serpins), and the principal inhibitor of both the tissue-type and the urokinase-type plasminogen 
activator, the two plasminogen activators able to activate plasminogen. Current evidence describing 
the central role played by PAI-1 in a number of age-related subclinical (i.e., inflammation, 
atherosclerosis, insulin resistance) and clinical (i.e., obesity, comorbidities, Werner syndrome) 


conditions is presented.” (Plasminogen activator inhibitor-1 (PAI-1): a key factor linking 


fibrinolysis and age-related subclinical and clinical conditions”) 
Covid-19 raises PAI-1 


Trapped Inflammatory Molecules Contribute to Long COVID?”“ 

PAI-1 is elevated in the treatment of diabetes 

Effect of plasminogen activator inhibitor-1 in diabetes mellitus and cardiovascular disease*” 
Cannabinoids decrease PAI-1 secretion 

Cannabinoids Inhibit the Vascular Endothelial Growth Factor Pathway in Gliomas’” 
Curcumin down-regulates PAI-1 

Curcumin Down-Regulates Cytokine-Mediated Tissue Factor and Plasminogen Activator Type 
1 Expression In Human Endothelial Cells?” 

Vitamin D down-regulates PAI-1 

Vitamin D analogs down-regulate plasminogen activator inhibitor-1 in human coronary artery 
smooth muscle cell?” 

Gaba: no data found 


42. CD4/CD8 (cluster of differentiation 4,8/ cluster of cluster of designation 4,8) 

“CD4 is a membrane glycoprotein and a member of the immunoglobulin supergene family 
and a co-receptor in MHC class Il-restricted T-cell activation [5, 48]. It also plays a role in the 
differentiation of thymocytes and the regulation of T-lymphocyte/B-lymphocyte adhesion [?”]” 
Covid-19 increases CD4 and CD8 

Severe COVID-19 is associated with deep and sustained multifaceted cellular 
immunosuppression”” 

Glucose raises CD4, lowers CD8 


Impact of Glucose Loading on Variations in CD4+ and CD8+ T Cells in Japanese Participants 
with or without Type 2 Diabetes?” 
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Cannabinoids reduce CD4 

Effects of Cannabinoids on T-cell Function and Resistance to Infection?” 

Cannabinoids reduce CD8 

Heavy Cannabis Use Associated With Reduction in Activated and Inflammatory Immune Cell 
Frequencies in Antiretroviral Therapy—Treated Human Immunodeficiency Virus—Infected 
Individuals?®? 

Curcumin inhibits CD4 activation 

Curcumin Inhibits CD4+ T Cell Activation, but Augments CD69 Expression and TGF-f1- 
Mediated Generation of Regulatory T Cells at Late Phase”™ 

Vitamin D suppresses CD4 and CD8 

Vitamin D receptor expression controls proliferation of naive CD8+ T cells and development of 
CD8 mediated gastrointestinal inflammation” 

Gaba inhibits CD4, modulates CD8 


y-Aminobutyric Acid Inhibits T Cell Autoimmunity and the Development of Inflammatory 
286 


Responses in a Mouse Type 1 Diabetes Mode 


43. CD142/TF (tissue factor/platelet tissue factor/factor Ill ) 

“Under pathological conditions, TF can trigger both arterial and venous thrombosis. For instance, 
atherosclerotic plaques contain high levels of TF on macrophage foam cells and microvesicles that 
drives thrombus formation after plaque rupture. In sepsis, inducible TF expression on monocytes 
leads to disseminated intravascular coagulation.” (American Heart Association Journal) 
Covid-19 elevates TF activity 

Patients With COVID-19 Have Elevated Levels of Circulating Extracellular Vesicle Tissue 
Factor Activity That Is Associated With Severity and Mortality—Brief Report?” 

TF expression raised with High Glucose 

Tissue factor expression in obese type 2 diabetic subjects and its regulation by antidiabetic 


agents? 
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In the presence of Lipopolysaccharides (LPS) THC enhances TF expression 

LPS is an endotoxin produced from gram-negative bacteria. Studies show that THC has a slightly 
deleterious effect on gram-negative bacteria [ *°°]. 

A9-Tetrahydrocannabinol (THC) enhances lipopolysaccharide-stimulated tissue factor in 
human monocytes and monocyte-derived microvesicles”” 

Curcumin inhibits tissue factor 

Inhibition of Tissue Factor Gene Activation in Cultured Endothelial Cells by Curcumin 
Vitamin D inhibits TF expression 


Vitamin D inhibits Tissue Factor and CAMs expression in oxidized low-density lipoproteins- 


treated human endothelial cells by modulating NF-KB pathway.”” 
Gaba: no data found 
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44. FGF-2/bFGF (fiberblast growth factor/) 

“Fibroblast growth factor-2 (FGF-2) is a member of a large family of proteins that bind heparin and 
heparan sulfate and modulate the function of a wide range of cell types. FGF-2 stimulates the growth 
and development of new blood vessels (angiogenesis) that contribute to the pathogenesis of several 
diseases (i.e. cancer, atherosclerosis), normal wound healing and tissue development.””°° 

Covid-19 raises FGF2 

Fibroblast Growth Factor: A Target for COVID-19 Infection? 

Hyperglycemia raises FGF2 

Hyperglycemia Mediates a Shift From Cap-Dependent to Cap-Independent Translation Via a 
4E-BP1—Dependent Mechanism?” 

Cannabinoids inhibit FGF2 

The FGF receptor uses the endocannabinoid signaling system to couple to an axonal growth 
response 

Curcumin inhibits FGF2 

Curcumin is an in vivo inhibitor of angiogenesis 
Vitamin D down-regulates FGF2 

Eldecalcitol (ED-71), an analog of 1a,25(OH) 2 D 3, inhibits the growth of squamous cell 


carcinoma (SCC) cells in vitro and in vivo by down-regulating expression of heparin-binding 
protein 17/fibroblast growth factor-binding protein-1 (HBp17/FGFBP-1) and FGF-27” 
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Gaba: no data found 


45. PDGF (platelet-derived growth factor) 

“Platelet-derived growth factor (PDGF) constitutes a family of dimeric isoforms, acting on connective 
tissue cells and certain other cell types. PDGF was originally discovered as a constituent of platelets, 
which are released into serum in conjunction with blood coagulation. Although the a-granules of 
platelets are a major storage site for PDGF, PDGF is also produced by many other cell types. PDGF 
stimulates the growth of its target cells, but also affects chemotaxis, i.e., directed cell movement, and 
cell shape through reorganization of the actin filament system. PDGF also affects the differentiation of 
specific cell types and promotes cell survival. Through these effects, PDGF has important functions in 
certain organs during embryonic development, as well as in the adult in the stimulation of wound 
healing and in the maintenance of connective tissue homeostasis. Overactivity of PDGF has been 
linked to certain diseases, such as malignancies in which PDGF production may promote tumor 
growth via autocrine or paracrine stimulation. PDGF is also implicated in other disorders that involve 
an excess of cell proliferation, e.g., atherosclerosis and fibrotic conditions.”*”° 

Covid-19 raises PDGF 

Pulmonary Procoagulant and Innate Immune Responses in Critically Ill COVID-19 Patients 
PDGF regulates Glucose transporter expression 

Platelet-derived growth factor regulates glucose transporter expression 
Cannabinoids inhibit PDGF 

Repurposing Cannabidiol as a Potential Drug Candidate for Anti-Tumor Therapies™ 
Curcumin inhibits PDGF 

Curcumin inhibits platelet-derived growth factor-stimulated vascular smooth muscle cell 
function and injury-induced neointima formation®” 

Lower levels of Vitamin D correlate with higher levels of PDGF 

The Role of Vitamin D, Platelet-Derived Growth Factor and Insulin-Like Growth Factor 1 in the 
Progression of Thyroid Diseases*” 

PDGF inhibits Gaba receptors 

Platelet-derived growth factor receptor is a novel modulator of type A gamma-aminobutyric 
acid-gated ion channels*™ 
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303 Abdellateif, Mona S et al. “The Role of Vitamin D, Platelet-Derived Growth Factor and Insulin-Like Growth Factor 1 in 
the Progression of Thyroid Diseases.” Asian Pacific journal of cancer prevention : APJCP vol. 21,7 2083-2089. 1 Jul. 2020, 
doi:10.31557/APJCP.2020.21.7.2083 

304 Valenzuela CF, Kazlauskas A, Brozowski SJ, Weiner JL, Demali KA, McDonald BJ, Moss SJ, Dunwiddie TV, Harris 
RA. Platelet-derived growth factor receptor is a novel modulator of type A gamma-aminobutyric acid-gated ion channels. 
Mol Pharmacol. 1995 Dec;48(6):1099-107. PMID: 8848010. 


Protein coding gene 


46. C1q (C1 complex) 

“C1q is the first subcomponent of the C1 complex of the classical pathway of complement 
activation. Several functions have been assigned to C1q, which include antibody-dependent 
and independent immune functions, and are considered to be mediated by C1q receptors 
present on the effector cell surface. There remains some uncertainty about the identities of 
the receptors that mediate C1q functions. °°.” (C1q: structure, function, and receptors) 
Covid-19 decreases C1q 

Clinical Characteristics and Immune Injury Mechanisms in 71 Patients with COVID-19 °° 
C1q regulates glucose 

O-GIcNAc Transferase/Host Cell Factor C1 Complex Regulates Gluconeogenesis by 
Modulating PGC-1a Stability °°’ 

Cannabinoids upregulate C1q 


Cannabidiol Improves Cognitive Impairment and Reverses Cortical Transcriptional Changes 
Induced by Ketamine, in Schizophrenia-Like Model in Rats* 

Curcumin: no data found 

Vitamin D deficiency reduces C1q 

Vitamin D deficiency as marker for disease activity and damage in systemic lupus 


erythematosus: a comparison with anti-dsDNA and anti-C1q°” 
Gaba: no data found 


Substances Related to Cognitive Decline 


47. Phosphorylated Tau 

“Tau is a microtubule-stabilizing protein that plays an important role in the formation of axonal 
microtubules in neurons. Phosphorylated tau (p-Tau) has received great attention in the field 
of Alzheimer's disease (AD) as a potential therapeutic target due to its involvement with 
synaptic damage and neuronal dysfunction. Mounting evidence suggests that amyloid beta 
(AB)-targeted clinical trials continuously failed; therefore, it is important to consider alternative 
therapeutic strategies such as p-tau-PROTACs targeted small molecules for AD and other 


tauopathies.” (Phosphorylated tau targeted small-molecule PROTACs for the treatment 
of Alzheimer's disease and tauopathies*"’) 
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Phosphorylated Tau is raised in Covid-19 

Alzheimer's-like signaling in brains of COVID-19 patients*" 

High Glucose forms phosporylated Tau 

High glucose induces formation of tau hyperphosphorylation via Cav-1-mTOR pathway: A 
potential molecular mechanism for diabetes-induced cognitive dysfunction*”” 

Cannabinoids reduce phosphorylated Tau 

Cannabinoids for treatment of Alzheimer’s disease: moving toward the clinic*” 

Curcumin decreases hyperphosphorylation of Tau 

Curcumin Decreases Hyperphosphorylation of Tau by Down-Regulating Caveolin-1/GSK-3B in 
N2a/APP695swe Cells and APP/PS1 Double Transgenic Alzheimer’s Disease Mice*“ 

Vitamin D inhibits Tau 

Activation of vitamin D receptor inhibits Tau phosphorylation is associated with reduction of 
iron accumulation in APP/PS1 transgenic mice*” 

Gaba reduces Tau binding 


y-Aminobutyric acid type A (GABA) receptor activation modulates tau phosphorylation’ 


48. AB (B-Amyloid) 

“The amyloid B peptide (AB) is a critical initiator that triggers the progression of Alzheimer's 
Disease (AD) via accumulation and aggregation, of which the process may be caused by AB 
overproduction or perturbation clearance. AB is generated from amyloid precursor protein 
through sequential cleavage of B- and y-secretases while AB removal is dependent on the 
proteolysis and lysosome degradation system.” (B-Amyloid: the key peptide in the 
pathogenesis of Alzheimer's disease*”’) 

Covid-19 raises b-amyloid 

B-Amyloid Deposits in Young COVID Patients (preprint)*" 

High Glucose elevates amyloid 

High glucose induces formation of tau hyperphosphorylation via Cav-1-mTOR pathway: A 


potential molecular mechanism for diabetes-induced cognitive dysfunction*” 
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Cannabinoids reduce b-amyloid 

Amyloid proteotoxicity initiates an inflammatory response blocked by cannabinoids 
Curcumin inhibits formation of b-amyloid 

Curcumin Inhibits Formation of Amyloid B Oligomers and Fibrils, Binds Plaques, and Reduces 
Amyloid in Vivo*"' 

Vitamin D helps clear b-amyloid 

Genomic and Nongenomic Signaling Induced by 1a,25(OH)2-Vitamin D3 Promotes the 

Recovery of Amyloid-8 Phagocytosis by Alzheimer's Disease Macrophages*”” 

Gaba down-regulates b-amyloid 

GABA attenuates amyloid toxicity by downregulating its endocytosis and improves cognitive 


. . 23 


impairmen 


49. CCL11 (Eotaxin-1) 

“CCL11 was discovered as a result of a systematic search for eosinophil chemotactic factors 
in bronchoalveolar lavage fluid in a guinea pig asthma model. Despite the relatively low level 
of sequence identity among the “eotaxins” (34-38%), they all bind to the receptor CCR3, 
which is expressed at high levels on eosinophils and basophils.”*~ 

Covid-19 raises CCL11 (Eotaxin-1) 

Eotaxin-1 (CCL11) in neuroinflammatory disorders and possible role in COVID-19 
neurologic complications*” 

High levels of CCL11 (Eotaxin-1) are linked to Diabetes 


Orally administered anti-eotaxin-1 monoclonal antibody is biologically active in the gut and 
alleviates immune-mediated hepatitis: A novel anti-inflammatory personalized therapeutic 


approach*” 
Cannabinoid THC Increases CCL11 (Eotaxin-1)* 


Cannabis use is associated with increased CCL11 plasma levels in young healthy volunteers*’ 
*See Considerations. 


Cannabinoid CBD decreases CCL11 (Eotaxin-1) 
In Vitro Effects of Cannabidiol on Activated Immune-Inflammatory Pathways in Major 


Depressive Patients and Healthy Controls*”® 
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Curcumin decreases CCL11 (Eotaxin-1) 

Involvement of p38 MAPK, JNK, p42/p44 ERK and NF-kB in IL-1B-induced chemokine release in 
human airway smooth muscle cells*”° 

Vitamin D decreases CCL11 (Eotaxin-1) 

Vitamin D decreases the secretion of eotaxin and RANTES in nasal polyp fibroblasts derived 
from Taiwanese patients with chronic rhinosinusitis with nasal polyps*”° 

Gaba: No data 


Substances related to bronchoconstriction 


50. CD147/BSG/EMMPRIN (Basigin/extracellular matrix metalloproteinase 
inducer/cluster of differentiation 147) 

“CD147, a transmembrane glycoprotein, is expressed on all leukocytes, platelets, and endothelial 
cells. It has been implicated in a variety of physiological and pathological activities through interacting 
with multiple partners, including cyclophilins, monocarboxylate transporters, Caveolin-1, and integrins. 
While CD147 is best known as a potent inducer of extracellular matrix metalloproteinases (hence also 
called EMMPRIN), it can also function as a key mediator of inflammatory and immune responses. 
Increased expression of CD147 has been implicated in the pathogenesis of a number of diseases, 
such as asthma-mediated lung inflammation, rheumatoid arthritis, multiple sclerosis, myocardial 
infarction and ischemic stroke.” (CD147: a novel modulator of inflammatory and immune 
disorders**’) 

Covid-19 raises CD147 

Distribution of ACE2, CD147, CD26, and other SARS-CoV-2 associated molecules in tissues 
and immune cells in health and in asthma, COPD, obesity, hypertension, and COVID-19 risk 
factors** 

High Glucose raises CD147 

Distribution of ACE2, CD147, CD26, and other SARS-CoV-2 associated molecules in tissues 
and immune cells in health and in asthma, COPD, obesity, hypertension, and COVID-19 risk 
factors*** 

Cannabinoids lower expression of CD147 


Anti-Cancer Potential of Cannabinoids, Terpenes, and Flavonoids Present in Cannabis*™ 
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Curcumin inhibits CD147 


Curcumin inhibits EMMPRIN and MMP-9 expression through AMPK-MAPK and PKC signaling 


in PMA induced macrophages**” 
Vitamin D: no data found 


Gaba: no data found 


51. LTB4 ( Leukotriene b4) 

“Leukotriene B4 and the cys-LTs were increased in exhaled breath condensate from asthmatic 
subjects compared with healthy controls.188 After allergen challenge, there was a significant increase 
in leukotriene levels in the BAL fluid of allergic subjects, and this was associated with increased 
eosinophilic inflammation and bronchial responsiveness.189 Leukotriene levels in induced sputum 
from asthmatic subjects exceed those found in nonasthmatic controls and correlate with severity of 
disease.”°°6 

Leukotrines are raised in Covid-19 

The Leukotriene Receptor Antagonist Montelukast as a Potential COVID-19 Therapeutic*” 
Leukotrines impact insulin receptor signaling 

Leukotriene Involvement in the Insulin Receptor Pathway and Macrophage Profiles in Muscles 
from Type 1 Diabetic Mice*”’ 

Cannabinoids decrease LTB4 

5-Lipoxygenase and anandamide hydrolase (FAAH) mediate the antitumor activity of 
cannabidiol, a non-psychoactive cannabinoid*”” 

Effect of endocannabinoids on IgE-mediated allergic response in RBL-2H3 cells 
Curcumin inhibits LTB4 

Curcumin: a potent inhibitor of leukotriene B4 formation in rat peritoneal polymorphonuclear 
neutrophils (PMNL)*" 

Vitamin D decreases LTB4 

5-Lipoxygenase (ALOX5): Genetic susceptibility to type 2 diabetes and vitamin D effects on 


monocytes*” 
Gaba: no data found 
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Detoxification 


52. EPHX1 (Epoxide hydrolase 1/Microsomal epoxide hydrolase) 

“epoxide hydrolase is a critical biotransformation enzyme that converts epoxides from the degradation 
of aromatic compounds to trans-dihydrodiols which can be conjugated and excreted from the body. 
Epoxide hydrolase functions in both the activation and detoxification of epoxides. Mutations in this 
gene cause preeclampsia, epoxide hydrolase deficiency or increased epoxide hydrolase activity. 
Alternatively spliced transcript variants encoding the same protein have been found for this gene. 
[provided by RefSeq, Dec 2008]” (EPHX1 Epoxide hydrolase 1, National Library of Medicine, 
NIH) 

Increasing epoxy fatty acids (EET, EEQ, and EDP) by inhibiting EPHX1 could treat 
Covid-19 

Activating endogenous resolution pathways by soluble epoxide hydrolase inhibitors for the 
management of COVID-19*” 

Inhibiting EPHX1 lowers blood sugar 

Inhibition or Deletion of Soluble Epoxide Hydrolase Prevents Hyperglycemia, Promotes Insulin 
Secretion, and Reduces Islet Apoptosis 

Cannabinoid (CBD) boosts EPHX1 

Pathways and gene networks mediating the regulatory effects of cannabidiol, a 


nonpsychoactive cannabinoid, in autoimmune T cells 
Curcumin up-regulates EPHX1, then down-regulates after 48 hours 


Time- and dose-dependent effects of curcumin on gene expression in human colon 
cancer cells** 

Vitamin D decreases EPHX1 

Vitamin D, DNA methylation, and breast cancer 

Gaba: no data found 


Immune response 


53. FOXP3 (scurfin, forkhead box P3) 

“FOXP3 is a member of the forkhead transcription factor family. Unlike other members, it is 
mainly expressed in a subset of CD4+ T-cells that play a suppressive role in the immune 
system. A function of FOXP3 is to suppress the function of NFAT and NFkappaB and this 
leads to suppression ofexpression of many genes including IL-2 and effector T-cell cytokines.’ 
(FOXP3 and its role in the immune system*’) 

Severe Covid-19 lowers FOXP3 

Upregulation of FOXP3 is associated with severity of hypoxia and poor outcomes in COVID-19 
patients*® 
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Obesity lowers FOXP3 

Type 2 Diabetes: How Much of an Autoimmune Disease?*” 

Cannabinoids increase FOXP3 

Cannabidiol (CBD) Induces Functional Tregs in Response to Low-Level T Cell Activation*” 
Curcumin increases FOXP3 

Curcumin regulates the differentiation of naive CD4+T cells and activates IL-10 immune 
modulation against acute lung injury in mice*”' 

Vitamin D promotes FOXP3 expression 

1,25(OH)2 vitamin D3 promotes FOXP3 expression via binding to vitamin D response elements 


in its conserved non-coding sequence region*”” 
Gaba: no data found 


54. NLRP3 (NLR family pyrin domain containing 3) 

“The NLRP3 inflammasome is a critical component of the innate immune system that mediates 
caspase-1 activation and the secretion of proinflammatory cytokines IL-1B/IL-18 in response to 
microbial infection and cellular damage. However, the aberrant activation of the NLRP3 inflammasome 
has been linked with several inflammatory disorders, which include cryopyrin-associated periodic 
syndromes, Alzheimer's disease, diabetes, and atherosclerosis. The NLRP3 inflammasome is 
activated by diverse stimuli, and multiple molecular and cellular events, including ionic flux, 
mitochondrial dysfunction, and the production of reactive oxygen species, and lysosomal damage 
have been shown to trigger its activation. How NLRP3 responds to those signaling events and initiates 
the assembly of the NLRP3 inflammasome is not fully understood.” (The NLRP3 Inflammasome: An 


Overview of Mechanisms of Activation and Regulation*”’) 

Nutraceutical Strategies for Suppressing NLRP3 Inflammasome Activation: Pertinence to the 
Management of COVID-19 and Beyond 

Covid-19 activates NLRP3 


Targeting the NLRP3 Inflammasome in Severe COVID-19°*™ 
High Glucose could activate NLRP3 
NLRP3 Inflammasome as a Molecular Marker in Diabetic Cardiomyopathy*” 


348 Abdelhafiz, Ahmed S et al. “Upregulation of FOXP3 is associated with severity of hypoxia and poor outcomes in 
COVID-19 patients.” Virology vol. 563 (2021): 74-81. doi:10.1016/j.virol.2021.08.012 

349 Authors: Candia Paola, Prattichizzo Francesco, Garavelli Silvia, De Rosa Veronica, Galgani Mario, Di Rella Francesca, 
Spagnuolo Maria Immacolata, Colamatteo Alessandra, Fusco Clorinda, Micillo Teresa, Bruzzaniti Sara, Ceriello Antonio, 
Puca Annibale A., Matarese Giuseppe. Type 2 Diabetes: How Much of an Autoimmune Disease? Frontiers in 
Endocrinology. Volume 10, 2019. https://www.frontiersin.org/article/10.3389/fendo.2019.00451 
DOI=10.3389/fendo.2019.00451 ISSN=1664-2392 

350 Dhital, Saphala et al. “Cannabidiol (CBD) induces functional Tregs in response to low-level T cell activation.” Cellular 
immunology vol. 312 (2017): 25-34. doi:10.1016/j.cellimm.2016.11.006 

351 Chai YS, Chen YQ, Lin SH, Xie K, Wang CJ, Yang YZ, Xu F. Curcumin regulates the differentiation of naive CD4+T 
cells and activates IL-10 immune modulation against acute lung injury in mice. Biomed Pharmacother. 2020 
May;125:109946. doi: 10.1016/j.biopha.2020.109946. Epub 2020 Jan 28. PMID: 32004976. 

352 Kang, Seong Wook et al. “1,25-Dihyroxyvitamin D3 promotes FOXP3 expression via binding to vitamin D response 
elements in its conserved noncoding sequence region.” Journal of immunology (Baltimore, Md. : 1950) vol. 188,11 (2012): 
5276-82. doi:10.4049/jimmunol.1101211 

353 Kelley N, Jeltema D, Duan Y, He Y. The NLRP3 Inflammasome: An Overview of Mechanisms of Activation and 
Regulation. Int J Mol Sci. 2019 Jul 6;20(13):3328. doi: 10.3390/ijms20133328. PMID: 31284572; PMCID: PMC6651423. 
354 Freeman TL, Swartz TH. Targeting the NLRP3 Inflammasome in Severe COVID-19. Front Immunol. 2020 Jun 
23;11:1518. doi: 10.3389/fimmu.2020.01518. PMID: 32655582; PMCID: PMC7324760. 

355 Luo, Beibei et al. “NLRP3 Inflammasome as a Molecular Marker in Diabetic Cardiomyopathy.” Frontiers in physiology 
vol. 8 519. 25 Jul. 2017, doi:10.3389/fphys.2017.00519 


Cannabinoids reduce NLRP3 


Cannabidiol Modulates the Immunophenotype and Inhibits the Activation of the Inflammasome 
in Human Gingival Mesenchymal Stem Cells*® 

Curcumin inhibits NLRP3 

Curcumin Reduces Neuronal Loss and Inhibits the NLRP3 Inflammasome Activation in an 
Epileptic Rat Model*’ 

Vitamin D inhibits NLRP3 

1,25(OH)2D3 alleviates DSS-induced ulcerative colitis via inhibiting NLRP3 inflammasome 
activation®™ 

Gaba inhibits NLRP3 


GABA transporter sustains IL-1B production in macrophages*”® 


Discussion 


An overactive immune system triggers the “cytokine storm,” the cause of the COVID-19 
pneumonia [> ]. For this reason, selective immune-modulators, and immune-suppressants are 
needed, to counter this effect. A list of natural immunosuppressant agents has been proposed, with 
curcumin as one of them. This proposal include substances that have only been found to improve only 
half a dozen of these biomarkers. The curcumin citations are far less than in this document [°*"]. 
Prescription drugs used for immune-suppression can have severe side effects [°°]. However, all four 
supplements have been found to have selective immune-suppressant properties, and should not 
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increase viral load. Both THC and CBD are immune-suppressants [**] as well as Curcumin [°*“], 
Vitamin D [°°], and GABA [°°]. Gaba also regulates the release of pro-inflammatory cytokines [*°’]. 

Cannabinoids have the potential to slow down or prevent SARS-COV-2 replication in the lungs 
[°°]. It has also been proposed that vitamin d [°°], curcumin [°°], and GABA [°”"] can also reduce lung 
injury. These studies have not been fully investigated. 

Also, since blood sugar is a factor, it should be mentioned that all of these supplements have a 
positive impact on blood glucose. Cannabis [°”7], Vitamin D [ °°], Curcumin [°“], and GABA [ °”]. Since 
blood sugar makes all of these biomarkers worse, and COVID-19 causes high blood sugar, even 
among those who don't have diabetes [°”°], this reduction in blood sugar by these supplements should, 
at least partially, reverse this effect. 

According to the data in this ongoing study, these supplements also suppress substances 
related to viral load, organ damage, blood coagulation, mental degradation, and sepsis. Thus a 
combined treatment strategy could be a powerful solution to the prevention, and/or treatment of 
SARS-COV-2 in this pandemic. 
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Considerations 


Clinical trials should begin on a combination of these supplements, while carbohydrates are 
reduced. If clinical trials replicate lab results, a combination of these herbs, vitamins, or supplements 
could be used as an emergency COVID-19 treatment. Also, as long these supplements are used 
responsibly, they could be taken as a preventive measure. 

Hospital admissions of cannabis users for COVID-19 reveal lower inflammatory biomarkers 
[°’’], which adds to the evidence this treatment could work. 

Some clinical trials on vitamin D do show a decline in biomarkers, such as cytokines, but not 
significantly [°°]. Sugar intake and glucose levels may have skewed these results, or this is an 
argument for a combined treatment strategy using all of these supplements. 


Cannabinol (CBD), Tetrahydrocannabinol (THC) 


Because cannabinoids can affect the Cytochrome P450 enzyme [”’] which prevents some 
medications from either being absorbed, or causes their effects to be enhanced, the advice of a 
physician should be sought, if CBD or THC is combined with any prescription medications. 

Oral absorption of CBD is only about 6% bio-availability [°°°]. This may make vaping the best 
option for some people to fully absorb these drugs. The CDC has recommended against vaping during 
COVID, yet the National Institutes of Health (NIH) acknowledges CBD could be a treatment for 
COVID-19. |t must be noted that any of these risks are primarily based on studies on vaping nicotine, 
or contaminates found in unregulated CBD or THC vape pens [**"]. Suppressing cytokines, and other 
factors are important enough to far outweigh any risks vaping has on the lungs. Vaporization of 
butane-free CBD concentrate may be the safest, and best delivery method. A device that gently heats 
this concentrate is available. 

Studies since the 1970's have demonstrated that even inhaling cannabis smoke has a positive 
effect on asthma [°®], and could be a treatment for COPD [°*’]. Cannabis is a bronchodilator [**], 
unlike nicotine, which is a bronchoconstrictor [°°]. Any negative effects should be of far less concern 
than the potential of cytokine suppression, which causes the COVID-19 pneumonia, and lung damage. 
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As cited in this document, cannabinoids also have been shown to reduce substances related to blood 
coagulation, which constricts oxygen supply, and breathing in severe COVID. 

There have been some studies that have linked THC to schizophrenic episodes, but a review 
of all studies found no evidence [°°]. Nevertheless, first use cannabis does raise dopamine levels, but 
continued use blunts dopamine response [°°]. For this reason, either first use or sporadic use could 
trigger a first-event schizophrenic episode—at any dosage. However, this is also true of many 
prescription drugs, over the counter drugs, and herbal supplements [°*°]. 

Although THC raises CCL11 [#8], and CCL11 has also found to be raised in schizophrenics [°” 
], this is due to a Th1/Th2 imbalance that raises cytokine levels. IP-10/CXCL10 have also been found 
to be raised in all people with schizophrenia, and bi-polar disorder [*°"]. Increased levels of 
TARC/CCL17 were also found in schizophrenics [°%]. 

CBD lowers CCL11 [*%°], and both THC and CBD lower TARC/CCL17 [°“]. Since THC lowers 
IP-10/CXCL10 [2%], this explains why higher CCL11 levels have not led to noticeable increase in 
schizophrenia diagnosis in states that have legalized Cannabis. 

Some argue that increased hospitalizations for cannabis related events in states such as 
Colorado indicate cannabis is a schizophrenic trigger [°°], but these episodes of paranoia can be 
understood as transient, possibly due to the overdose of edibles, or reactions among first time users. 

There were also lower levels of CCL24, or eotaxin-2 [°°’] among schizophrenics. The 
Cannabinoid receptor CB-2 controls CCL24 [3%]. This is the receptor most influenced by CBD. All of 
these facts reveal this is a complicated issue, not as simple as an elevation in one chemokine. 
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CBD in high doses has raised an enzyme in horses [°°] that causes liver damage, also raised 
in COVID-19 [*]. Although there is no evidence CBD causes this elevation in humans, this could be 
possible at extremely high doses. 

There also may be a risk upon sudden discontinuation of Cannabis. Cannabis is a blood 
thinner, as Warfarin. Sudden discontinuation of Warfarin can cause a stroke [*'] and it can increase 
stroke risk with certain conditions [*°*]. There have been reports of rare heart attacks [*°], strokes [*™], 
and even death [*°°] upon sudden discontinuation of regular, high dose cannabis, or a rare reaction 
due to a medical condition. However, it should be noted that some prescription drugs, or herbal 
supplements can also trigger these rare events [4°]. 

Warfarin is used for COVID-19, despite these slight risks. For the same reason, there should 
be no apprehension using cannabinoids as a treatment. Furthermore, anyone who uses cannabis on a 
regular basis—especially high potency cannabis—should never discontinue suddenly (which happens 
during hospitalization.) This risks a “rebound effect,” with the potential to cause blood clots. However, 
hospitalized cannabis patients (who would discontinue) had similar outcomes, but had lower 
inflammation when admitted [*°’]. 


Curcumin 


The proper dose of curcumin has protected against liver injury in lab animals[*’]. However, 
extremely high doses has caused rare cases of liver injury [4°]. 
It is possible curcumin can interact with prescription medications [*"°). 
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Vitamin D 


There have been a few reports of an interactions between vitamin D and GABA, but this data is 
limited. Vitamin D, which is an anticoagulant, can cause blood coagulation at high doses possibly by a 
decrease in Thrombospodin-1 [*"], which is also decreased in COVID-19 [*"]. 


Gaba 


Gaba has caused drug interactions [*'*] and has potential side effects. It can possibly trigger 
and/or aggravate schizophrenia [*"]. However, as stated, so can many prescription drugs, and over 
the counter medications, if someone has this genetic condition. 


These facts do not make these supplements any more dangerous than prescription drugs, if 
taken in recommended doses. Since these supplements can be taken together, the /jowest effective 
dose of each should be the goal of clinical studies, combined with a reduction in sugars and carbs. 
This should reduce potential reactions or side effects at extremely high doses. Of course, without 
Clinical trials covering a broad spectrum of candidates, the potential of this treatment will never be 
known. 
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